Alternantheraphiloxeroides, alliator weed, was grown at five different NaCI concentrations to determine the effect of salinity on factors related to the net rate of CO2 uptake (Pa). Over the range of 0 to 400 millimolar NaCI, P. declined 51%. Stomatal conductance declined in parallel with P. and as a result there was no reduction in intercellular CO2 concentration and therefore no reduction in the amount of CO2 available for photosynthesis. The CO2 compensation point did not change with salt stress. Increases in leaf thickness tended to compensate slightly for the negative effects of salinity on leaf cell metabolism, at least in relation to P.. On a mesophyll cell area basis, soluble protein was relatively constant in leaves developed at 100 to 400 millimolar NaCI while total chlorophyll decreased at all salinities. Dry weight production and P. were closely correlated in alligator weed grown at different salinities. Plants produced less leaf area per unit dry weight as salinity increased, which may aid in water conservation.
and that certain of these changes in anatomy may have consequences for Pn (15) complicates interpretation of salinity effects on stomatal and nonstomatal controls of Pn. The effect of changes in leaf structure on Pn in salt-stressed plants can be analyzed by measuring the relative amount of mesophyll cell surface to leaf surface area (15) . The present study was designed to examine the effect of salt stress on Pn in terms of stomatal, nonstomatal, and structural changes in a rapidly growing species that naturally experiences a range of salinities.
Alternanthera philoxeroides (Mart.) Griseb. (a C3 member of the Amaranthaceae), alligator weed, can apparently survive changing concentrations of salinity (11) which may be more stressful than constant salinity (5) . In a previous study, water potential in alligator weed declined in response to increases in rhizosphere salinity of 50 mm NaCl/d up to a final concentration of400 mm (3) . These changes in water potential were ofsufficient magnitude to maintain a water potential gradient from rhizosphere to roots and were the result of decreases in minimum tissue osmotic potential. Salinity also had a dramatic effect on cell structural properties of alligator weed as measured by the bulk elastic modulus (3) .
Having established that alligator weed tolerates increases in rhizosphere salinity by osmotic adjustment, we asked how this adjustment was related to carbon gain. Specifically, how does salinity affect P,, in alligator weed and what is the relationship of the P,, response to changes in leaf structure and plant growth? To answer these questions, we measured maximum P,, at different salinities, and compared control by stomatal and nonstomatal properties ofleaves. We also evaluated the effect ofsalinityinduced differences in leaf anatomy on P,,. Finally, to place the other measurements in a context of growth response, we measured increases in dry weight and leaf area for plants growing at different salinities.
MATERIALS AND METHODS
Culture. Propagules of Alternanthera philoxeroides (Mart.) Griseb., alligator weed, consisting of two node sections of stem, were collected from Campus Lake, at Louisiana State University, Baton Rouge, and rooted in a modified Hoagland solution for 7 to 10 d at 24°C (7) . Rooted propagules were placed in holes in pieces of styrofoam floating on nutrient solution in 10-L plastic trays. Trays were placed in a growth chamber with a 12-h photoperiod (average photosynthetic photon flux density, 250 to 300 ,mol m-2 s-', measured with a Licor LI-185A quantum sensor) and 28°C days and 22°C nights. Solutions were maintained at pH 6.0 to 6.5 with 0.5 M KOH, replenished daily with distilled H20 and solutions were completely replaced every week.
Propagules were grown until they had a well developed root system and a stem size of four to five nodes (approximately 5-6 weeks). NaCl was added to culture solutions in daily, 50 mM increments to produce five different salinity treatments (0, 100, 200, 300, and 400 mM). Salt CCas= -CC2 -(1.6 x Pn/g.-v) (1) where c"' is the CO2 concentration outside the leaf, and Pn is the net rate of CO2 uptake (20) .
To (Fig. IC) .
The correlation between average g. and Pn was linear for alligator weed grown at different salinities (Fig. 2) . This correlation fits well with the prediction (18) that reductions in gwv during salt stress are a response to reductions in P", as also found for Avicennia marina (2) . A linear dependence of gwv on Pn (Pn/g., = a constant in equation 1) provides a mechanism that maintains a constant ci2 (18, 26) . Such a mechanism might be beneficial for water relations of salt-stressed alligator weed; transpirational water loss is reduced without a negative effect on Pn (18) .
Leaf Structural Charcteristics. Increasing NaCl concentration from 0 to 400 mm resulted in an approximate doubling of leaf mesophyll thickness (Fig. 3) , similar to reports for several other species (12, (14) (15) 19) . Increases in lengths of palisade cells (Table I) as well as the observation of increases in the number of cell layers, contributed to the thickness changes in alligator weed. Although NaCl may reduce cell size in some species (e.g. bean palisade cells; 24), the effect on alligator weed was clearly opposite and similar to findings for other species (15, 19) .
Comparing salinity treatments, average Ames/A (the ratio of mesophyll cell surface to leafsurface area) was linearly correlated with average mesophyll thickness ( Fig. 3 ; A "/A = 24.6 + 0.101 x thickness, r2 = 0.970). In bean and cotton, salinity produced a positive relationship between thickness and Ames/A (15) Atriplex patula (I5) and Distichlis spicata (14) , Ames/A did not increase with increasing salinity. Differences in thickness and ArneslA, between 300 and 400 mm leaves, appeared small ( Fig. 3 ) and may indicate that the limit of salinity-induced anatomical changes in alligator weed occurs near 300 mM NaCl. Leaf soluble protein and total Chl were also affected by NaCl concentration in the rhizosphere. Soluble protein expressed on a leaf area basis appeared to first decline and then increase as salinity increased (Table II) . When expressed on a mesophyll area basis (using the ratio AmneslA), soluble protein was highest in 0 mm plants and lower, but fairly constant, at other NaCl concentrations. Total Chl, expressed on either a leaf area or mesophyll area basis, was inversely and linearly related to NaCl concentration. Chl per unit leaf area declined in spinach in a similar manner (22% decline from 0 to 200 mm NaCl; 19).
Assessment of Cellular Contributions to P.. Nonstomatal parameters appeared to control P,, in these experiments, since cco did not vary with salinity (Fig. IC) . Salinity-induced differences in Pn expressed on a leaf area basis can be the result of both metabolic properties and anatomical properties (15) . The anatomical effect can be removed by expressing Pn on a mesophyll area basis (i.e. dividing Pn expressed on a leaf area basis by the ratio AmesIA). For alligator weed leaves, increases in mesophyll area reduced the salinity effects on cellular Pn up to 16%, as seen when Pn on a leaf area basis and a mesophyll area basis are compared (Fig. 4) .
Determination of the ratio AmeslA permits calculation of an index of cellular effects. The initial slope (k) of the relationship between Pn and cas, is typically linear in C3 plants (2, 8) and has been considered, among other things, an indication of the maximum activity of ribulose bisphosphate carboxylase/oxygenase activity in the leaf (8) . Assuming linearity, this initial slope can be estimated (8, 15) I leaves from the 0, 100, 200, 300, and 400 mM NaCl treatments, indicating a 70% decline in cellular metabolism related to Pn for this salinity range. In contrast, it was concluded that for spinach, there is no decline in leaf photosynthetic potential over the range of 0 to 200 mm NaCl (19) . In alligator weed, salinity affects both metabolic properties as indicated by k and structural properties as indicated by the water relations parameter, the bulk elastic modulus (3).
The effects of salinity on the relationship between P, and leaf cellular characteristics appear complex. For example, Pn and total Chl on a mesophyll surface area basis declined with salinity ( Fig. 4 ; Table II) . As a result, Pn on a total Chl basis does not change from 0 to 200 mM NaCl (19.2 and 19.4 pmol CO2 sg ' Chl s-') and the decline in Pn on a total Chl basis is only about 20% for the entire range of 0 to 400 mm NaCl. Further studies examining more subcellular parameters are necessary to understand these complex relationships.
Dry Weight and Leaf Area Production. Dry weight produced per plant declined approximately 84% in plants from 0 to 400 mM NaCl (fig. 5A ). Some plants that survive 200 mM NaCl have been called moderately salt tolerant (25) . Many species, however, are much more tolerant of salinity. For example, Atriplex patula showed a decline in dry weight production of only about 44% at 400 mM NaCl (15) . For alligator weed, salinity also drastically reduced the total leaf area produced per plant (Fig. 5B) . The effect of salinity on leaf area was greater than on dry weight and as a result the leaf area produced per unit of dry weight (the leaf area ratio or LAR) decreased over 73% as salinity increased (Fig.  5C ). The decline in LAR corresponds with the increased necessity for conservation of water at low rhizosphere water potentials associated with high salinities (3).
The effects of salinity on Pn and dry weight production were similar (Figs. IA and 5A ). In fact, there was a linear correlation (dry weight = -0.72 + 1.27 x Pn; r2 = 0.960) indicating that growth may be very closely tied to Pn in salt-stressed alligator weed. In contrast, it was concluded that 200 mM NaCl did not affect photosynthetic potential of spinach but it reduced dry weight about 63% (19) .
These data represent several important aspects of the response to NaCI salinity in the CO2 fixation process of alligator weed. Reductions in dry weight production were closely correlated with reductions in Pn. Decreases in P, appear to be the result of cellular properties because changes in stomatal conductance did not reduce the intercellular CO2 concentration. The ratio of mesophyll cell surface to leaf surface area permitted comparison of cellular characteristics from leaves with different anatomical dimensions. Compared on a mesophyll surface basis, both total Chl and the initial slope of the response of Pn to intercellular CO2 concentrations declined in a linear manner as NaCl concentration was increased. Linking the response of intact leaves to subcellular properties, using measurements of leaf anatomy, should provide insight into the importance of biochemical changes at the cellular level, in future studies of photosynthesis in salt-stressed plants.
